Introduction
Few areas of surgery have advanced as rapidly as the surgical management of urinary tract calculi. In the last 5 years three new methods have been introduced: percutaneous renal surgery (PRS), ureterorenal endoscopic surgery (URS) and extracorporeal shock-wave lithotripsy (ESWL) . When used in combination, more than 90% of upper urinary tract calculi can now be treated without resort to open operative techniques (Wickham 1979) .
For the patient this has meant a hospital stay and convalescent period of days rather than weeks and in some cases even outpatient treatment (Clayman et al. 1985) . Worldwide experience of over 25 000 cases has demonstrated the superiority of these new techniques over conventional open surgery, showing that they are associated with a low morbidity and have a success rate comparable with the best results of open surgery. The national availability of such services has, however, been severely limited to date by blinkered financial restraint and the need for both urologists and their radiological colleagues to be trained in these new techniques.
While few would doubt the benefits and cost effectiveness of these procedures, it has become clear that the endoscopic methods have imposed a heavy burden on already overloaded theatre lists. They can be time-consuming and it may be necessary to have more than one theatre session for a complex stone. This problem will undoubtedly escalate as the prevalence of stone disease in the UK increases and as the indications for the treatment of calculi are widened to include those stones which were previously managed conservatively.
Percutaneous renal surgery (PRS)
In 1974 Professor Ingmar Fernstr6m was the first to combine the radiological techniques of renal puncture and dilatation of a track into the kidney with subsequent stone removal (Fernstrom & Johansson 1976) . Over the next ten years the size of the track increased and the time taken for dilatation was reduced from weeks to minutes . Simultaneously there was a veritable explosion of techniques and equipment for calculus removal, destruction and evacuation.
Initially all cases were performed as a two-stage procedure. This involves placing the patient in the prone oblique position on an angiographic X-ray screening table with intravenous sedation and local anaesthesia. A Longdwell (Becton Dickinson) translumbar aortogram needle is then passed into the stone-bearing calyx (or the lower posterior calyx which affords access to the renal pelvis) under fluoroscopic or ultrasonic control. A special guidewire with a flexible tip and rigid stem (Lunderguist, coat hanger) is then passed through the Teflon cannula of the needle. Serial fascial dilators (Kellett et al. 1983 ), a telescopic bougie (Alken 1985) or a balloon dilator (Clayman et al. 1983 ) are then used to dilate the tract to a size sufficient for stone removal (28Ch to 34Ch). A whistle-tip nephrostomy tube is then placed in the track which is allowed to mature over the next-few days. Under general anaesthesia an endoscope can be passed through the mature track and the stone removed or destroyed. The twostage procedure is still recommended for those learning percutaneous renal surgery and for 'Arising from presentations to Section of Urology, 22 difficult stones. If the first stage is being done in the X-ray Department this somewhat lightens the theatre load. Although endoscopic extraction can be carried out without fluoroscopic control, it is not recommended. Ideally the procedure should be performed jointly, the radiologist and urologist working together. However, Whitfield (1983) has demonstrated that a urologist can quickly learn the radiological techniques himself and run an adequate service, but at the expense of his own time.
Currently the one-stage procedure has largely replaced the two-stage operation. It is performed under general anaesthesia. The collecting system is opacified with a retrograde catheter using contrast medium (Wickham et al. 1983a ). Dilatation then proceeds as described above. An Amplatz sheath ) is used to secure the tract. This simple plastic tube provides a rigid conduit for endoscopes, allowing continuous irrigation of fluid and stone particles and tamponading any bleeding while at the same time preventing fluid leakage into the retroperitoneum.
Cystoscopes were originally used to extract the stones but were associated with a high failure rate due to the inadequacy of their instrument channels. Purpose-built nephroscopes are now mandatory (Miller et al. 1983a . They have capacious 4-5 mm straight instrument channels capable of accommodating heavy stone forceps and ultrasonic disintegrators. Flexible nephroscopes , Kahn 1985 are available but are expensive, difficult to sterilize, easily broken, have one-third the resolution of red lens rigid scopes, small instrument channels, poor flow and a turning circle greater than the renal pelvic diameter in most cases. The need for these expensive flexible endoscopes can largely be overcome by the techniques of multiple puncture (Korth 1985a) .
Stones less that 1.5 cm should be extracted in one piece by rigid forceps ) or the optical triradiate nephroscope (Miller & Wickham 1984c) . Larger stones require preliminary disintegration with ultrasound , Miller et al. 1983b ). The ultrasound probe consists of a hollow metal tube coupled to a ceramic crystal which vibrates by the piezo electric effect at 25 kHz, thus wearing down the stone while at the same time hoovering up the particles through the central lumen of the probe by suction. We believe that electrohydraulic lithotresis ) is a preferable alternative to ultrasonic lithotresis, as it is quicker and less likely to leave tiny residual particles if only used to break the stones into the minimum number of pieces (structured disintegration) which are then mechanically extracted. The probe consists of two insulated coaxial electrodes (5Ch-9Ch) across which a potential difference can be applied by an electrical capacitor. The resulting electrical microexplosion will disrupt stones in a fluid environment. New experimental methods of stone destruction are reviewed elsewhere (Watson et al. 1984 , Miller 1985 . The larger the stone the more likely there are to be problems with residual particles.
The only absolute contraindication to PRS is a major clotting disorder, and screening is therefore a mandatory prerequisite before any percutaneous operation. The indications for PRS are much the same as for open surgery: that is, the relief of symptoms and obstruction, the restoration of function, the arrest of stone growth and, in certain professional groups (aviators, military personnel, explorers), the removal of asymptomatic calculi. In the latter group one-stage percutaneous nephrolithotomy is probably better than ESWL, as particles can be cleared in a single session and the passage of stone particles need not be awaited, thus allowing patients to return to their duties.
Acutely obstructed and infected systems should be punctured and allowed to drain under antibiotic cover rather than proceeding immediately to endoscopy. Calculi in different calyces or locations throughout the kidney may require multiple punctures. Clearly in this instance ESWL would be preferable. Staghorn calculi similarly require a variety of access sites. Here the role of PRS should be to debulk the stone mass prior to ESWL. PRS alone in these cases may take many hours and several sessions and probably cannot be justified by the time expended by the operator. High-lying kidneys with narrow collecting systems are difficult to puncture and the failure rate in this group will be high even if the operator is experienced. Such kidneys again are probably better managed by ESWL.
Ten thousand pounds amply covers the cost of setting up a percutaneous renal stone service. However, disposable items such as guidewires, nephrostomy tubes, dilators, etc., represent a considerable expense, as does the frequent breakage of the more expensive nephroscopic equipment.
One-stage percutaneous stone removal for a simple stone is highly cost effective as the patient can be treated in a maximum of one to three days (Wickham et al. 1983b ). An overall success rate of 90% should attend such operations. The scope of percutaneous renal surgery is constantly expanding. It is now possible to operate on pelviureteric junction obstruction (Ramsay et al. 1984 , Wickham & Kellett 1983 , to resect tumours (Woodhouse 1983 , Korth 1985b , divide calyceal stenoses and retrieve foreign bodies from the kidney.
Ureterorenal surgery (URS)
The advent of the rigid ureteroscopes (Perez Castro & Martinez Pineiro 1980) has greatly advanced the treatment of ureteric calculi and, like PRS, URS is constantly evolving (Ford et al. 1983 , Marberger & Stakl 1983 , Huffman et al. 1985a ). While it is perfectly possible to pass the scope into the kidney, the difficulties of this type of surgery should not be underestimated. Endoscopic ureteric manipulations are very time-consuming and require great patience. Successful stone extraction not infrequently eludes the frustrated operator.
The rigid ureteroscope is essentially an elongated narrow cystoscope 9-12Ch in size. The technique is performed under general anaesthesia on a fluoroscopic table with the patient in the lithotomy position. A guidewire is advanced into the kidney through a cystoscope via the ureteric orifice. The ureteric orifice is then dilated either with metal or plastic bougies passed over the guidewire or by a balloon dilator. The endoscope is introduced under direct vision in a manner not unlike the introduction of a sigmoidoscope into the rectum. A mannitol diuresis and antibiotic cover are helpful aids to successful ureteroscopy. The smallest amount of bleeding can make the procedure impossible. A narrow ureter may similarly prove an insuperable obstacle. Once the stone has been located the problems have only just begun. Small stones may be secured in a basket; alternatively they may be seized with ureteroscopic alligator forceps. By virtue of their size and delicacy, all these instruments are highly susceptible to failure and breakage. Larger stones may be disintegrated either with ultrasound or with electrohydraulic disintegrators. Great care is required, as such extensive mechanical manipulations are liable to cause ureteric perforation.
Ureterorenal endoscopy is not without hazard. In our first 1-00 cases, one patient required a ureteric reimplantation due to complete fibrosis of the lower-third of the ureter. One developed a urinoma, and another a mid-third ureteric stricture. Subsequently one further patient has required reimplantation for ureteric fibrosis of the lower-third ureter. It would seem that the passage of the ureteroscope strips the ureter from its retroperitoneal vascular bed and perhaps devascularizes it. Such serious potential problems should dissuade clinicians from unnecessary endoscopy. We are hopeful that many of these problems may soon be overcome by a new hydroplastic sheath which has been developed in our department (Miller et al. 1985b) . This sheath will dilate when in contact with water while at the same time becoming slippery, providing a perfect ureteric access conduit.
Flexible ureteroscopy, while theoretically attractive, is fraught with difficulty (Takayasu & Aso 1974) , Huffman et al. 1985a ). The poor view, low flow rate and lack of an instrument channel prevents successful stone manipulation in the majority of cases.
URS is ideal for lower-third ureteric stones. Middle and upper-third stones should be pushed or flushed up into the kidney where they can be extracted (PRS) or disintegrated (ESWL) ('push pull, push bang') as indicated. The ureteroscope is, of course, an admirable tool for assessing filling defects, taking biopsies and treating small ureteric transitional cell tumours (Huffman et al. 1985b ).
Combination with ESWL
The combination of ureterorenal endoscopy and percutaneous renal surgery has given the urologist two excellent minimally invasive methods for dealing with upper tract calculi. How then can these methods be combined with ESWL (Wickham et al. 1985) in the setting of the NHS?(A discussion of ESWL is reported in this issue by Webb et al. p 1062).
Two lithotriptors are currently operating in England, both in London: one at the Lithotripter Centre at Welbeck Street and the other at St Thomas' Hospital. Both were purchased through the agency of private funds. At St Bartholomew's Hospital we have been able to treat 5 patients a month in a single half-day session on the Welbeck lithotripter, and will soon be sending our patients to St Thomas' Hospital as well. It is, however, clear that there can only be limited access to either machine. Which patients should be treated on the lithotripter? If small (simple calculi) are selected, greater numbers can benefit with little risk of acute obstructive complications. The converse is also true; if difficult (complex calculi) are treated, fewer patients will benefit from ESWL and a greater number of complications can be anticipated. Furthermore, as sessions are available only on a monthly basis, a patient would have to wait a complete month in the event of a second session being required. Ureteric stones suitable for a push-bang maneouvre are even more difficult to accommodate on such a sessional basis. Staghorn calculi represent the biggest problem. They require initial percutaneous debulking and then ESWL, with possible multiple se'ssions on the machine. The ureteric stone fragments or 'stein strasse' may require additional attention with a ureteroscope. There is, however, little doubt that patients prefer this alternative to open surgery.
Faced with these difficult considerations of limited access, we are formulating the impression that the best use of available resources, both of time and money, will be served by the following policy: stones which are technically difficult for PRS and staghorn calculi which have been previously operated on are best treated by ESWL; uncomplicated staghorns may be preferentially treated by open surgery; lower-third ureteric stones are dealt with by URS; and upper two-thirds ureteric calculi are treated by a push-pull maneouvre with one-stage percutaneous removal, rather than a push-bang (ESWL) technique which is logistically very difficult. Such a policy, however, is far from ideal.
Conclusions
The technical revolution in the treatment of urinary calculi has necessitated the pooling of available resources and expertise. Clearly a good deal more funding is required if NHS patients are to benefit to the same extent as their EEC counterparts. There is an urgent need for urological units to equip and become experts in upper tract endoscopy. Hopefully the NHS will install sufficient lithotropters throughout the country so that our patients can be managed correctly.
